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(54) DIAGNOSIS SUPPORTING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To support the diagnosis 
of a disease and the others with high accuracy by 
using the content of a plurality of sugar chains 
contained in glycoprotein or glycolipid in tissue and a 
tissue soln. 

SOLUTION: Data A, B....P correlated with the concns. 
of a plurality of sugar chains sampled from a living 
body are processed by a neutral network to obtain 
data useful for diagnosis. The data correlated with 
the concns. of sugar chains are the data directly or 
indirectly correlated with the concns. of sugar chains 
such as the concns. or conco. ratio of sugar chains, 
the areas or areal ratio of peaks detected by HPLC 
or the like. Clinical data necessary for diagnosis such 
as an age or the distinction of sex or the like other 
than said data may be simultaneously inputted to the 
neutral network. When sugar chains are ones 
obtained from IgG, the diagnosis of IgA nephrophathy, 
theumatoid, atopic dermatitis, diabetes and liver 
diseases can be supported. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A diagnosis support method processing data correlated with concentration of two or 
more sugar chains extracted from a living body by a neural network, and obtaining a 
diagnostic-assistances result. 

[Claim 2]The diagnosis support method according to claim 1 processing simultaneously 
clinical data other than data correlated with concentration of said sugar chain by said neural 
network. 

[Claim 3]The diagnosis support method according to claim 1 or 2 with which data correlated 
with concentration of said sugar chain is characterized by missing data and flying apart, 
assigning a value for exclusive use respectively to a value, and inputting into said neural 
network. 

[Claim 4]When data correlated with concentration of said sugar chain makes a and b a 
number which fills 0<a<b<1, The diagnosis support method according to claim 1 or 2 which 
sets missing data to 0 and is characterized by flying apart, setting a value to 1, normalizing 
other data so that it may be distributed between a and b, and inputting into said neural 
network. 

[Claim 5]A diagnosis support method of claim 1-4 said sugar chain's being a sugar chain 
obtained from IgG, and performing diagnosis of IgA glomerulonephritis or rheumatism given in 
any 1 paragraph. 

[Claim 6]A diagnosis support method of claim 1-4 said sugar chain's being a sugar chain 

obtained from IgG, and diagnosing liver disease which consists of atopic dermatitis, diabetes 

mellitus or hepatitis, liver cirrhosis, or hepatoma given in any 1 paragraph. 

[Claim 7]A diagnosis support method of claim 1-4 said sugar chain's being a sugar chain 

obtained from IgG, and identifying severity or typus morbi of a disease given in any 1 

paragraph. 

[Claim 8]A diagnosis support method of claim 1-4 said sugar chain's being a sugar chain 
obtained from IgG, and identifying a monopathy from between two or more diseases given in 
any 1 paragraph. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the diagnosis support method which performs 

diagnostic assistances, such as an illness, based on clinical data. 

[0002] 

[Description of the Prior Art]Much glycoprotein and a glycolipid are in a human organization 
and tissue fluid, and dozens of kinds of sugar chains contained in them exist. For example, 
about 40 kinds of N knot-pattern sugar chains are contained in glycoprotein in a blood serum 
(Nakagawa, H., et al. (1 995), Anal. Biochem., 226, 1 30-1 38.). It is known that, as for a neutral 
sugar chain of the immunoglobulin G of a blood serum, there are varieties (Mizuochi, T., et al. 
(1982), J. Immunol., 129 , 2016.). Methods of measuring the content of these sugar chains 
include the method of using high performance chromatography (HPLC), the method of using 
lectin, an antibody, etc., the method of using immunoelectrophoresis, etc. 
[0003]It is known that two or more sugar chain structures included in glycoprotein in an 
organization and tissue fluid and a glycolipid are changing with various diseases now. For 
example, in rheumatism. It is known that sugar chain concentration of several kinds is 
changing among 16 kinds of sugar chain structures of the immunoglobulin G (IgG) in a blood 
serum (Springer Semin. Thomas W. Rademacher, et al. (1988)). Immunopathol., 10, and 231- 
249.. In the hepatoma, it turns out that the sugar chain structure included in the transferrin in 
a blood serum is changing (Yamashita, K., et al. (1989), J.Biol. Chem., 264, 2415-^2423.). From 
cancer, the sugar chain structure of a cell cortex changes and the monoclonal antibody which 
uses the sugar chain as an antigen is actually used already as a tumor marker. In a pancreatic 
cancer, the carbohydrate antigen is a tumor marker according to the high positive rate of 80% 
(Umeyama et al.: the pancreas, 3, 22-33, 1988). 
[0004] 

[Problem(s) to be Solved by the Invention]The measured value of the single sugar chain 
content using the monoclonal antibody which uses a sugar chain as an antigen is only put in 
practical use as a tumor marker at present, and the disease diagnostic assistances by the 
measured value of two or more sugar chain content which used other measuring methods, 
such as detection system by HPLC, for example are not put in practical use. 
[0005]In order to use sugar chain content for disease diagnosis, it is necessary to measure 
the sugar chain content of the organization of a patient and a healthy person and 
glycoprotein in tissue fluid, and a glycolipid, and to measure the sugar chain content of a 
healthy person and a patient. Usually, this comparison is performed by the statistical 
technique of calculating a patient's positive rate by setting up a cutoff value. 
[0006]In this statistical technique, it analyzes one kind of sugar chain content at a time 
altogether for every kind of sugar chain, and a healthy person is compared with a patient 
combining the content of several kinds of sugar chains, such as a sugar chain with whether a 
healthy person and a patient compare each and by sect N-acetyl glucosamine, and a sugar 
chain which it does not have. Since what has the difference and sex difference by age in the 
content exists in a sugar chain in the living body, they must also be taken into consideration, 
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must perform comparison with a patient and a healthy person synthetically, and must use it 
for disease diagnosis. However, it is difficult for age, sex, etc. to conduct sufficient analysis in 
the present statistical technique, in consideration of the top where operation of the 
combination of the kind of sugar chain, setting out of a cutoff value, etc. is complicated, since 
there are many kinds of sugar chain. 

[0007]Thus, although it is clear that a sugar chain has a disease etc. and correlation, in the 
statistical technique used now, there is a problem that the synthetic analysis of two or more 
sugar chain content contained in glycoprotein in an organization and tissue fluid and a 
glycolipid is difficult. 

[0008]This invention was made in view of such the actual condition, and an object of this 
invention is to provide the method that a high-precision disease and others can be diagnosed 
using two or more sugar chain content contained in glycoprotein and the glycolipid in an 
organization and tissue fluid. 
[0009] 

[Means for Solving the Problem]In this invention, said purpose is attained by processing data 
correlated with concentration of two or more sugar chains extracted from a living body by a 
neural network, and acquiring useful information to diagnosis. 

[0010]With data correlated with concentration of a sugar chain, for example Concentration or 
the ratio of concentration of a sugar chain, Data directly or indirectly relevant to 
concentration of a sugar chain, such as dyeing concentration detected by intensity, such as 
condensation, coloring, and luminescence, and immunoelectrophoresis which were detected 
by area or surface ratio, lectin, and an antibody of a peak detected by HPLC, is meant. 
[0011]C-linica! data, such as the other age required for diagnosis, sex, a white blood cell count 
(WBC), and IgG concentration, is suitably chosen as a neural network, and it may be made to 
input it into him simultaneously with data correlated with concentration of a sugar chain. 
[0012]It is preferred to assign a value for exclusive use respectively to those data, and to 
input into data correlated with concentration of a sugar chain at a neural network, missing 
data or when it flies apart and there is a value (it compares with other values and is data of 
an extremely big value or a small value), for example, a time of data correlated with 
concentration of a sugar chain making a and b a number which fills 0<a<b<1 — missing data - 
- 0 — it flies apart and a value is set to 1, and it normalizes so that it may be distributed 
between a and b, and other data is inputted into said neural network. When an example of a 
value of a and b is shown, it is a= 0.1 and b= 0.9. 

[0013]If data correlated with concentration of a sugar chain is used as sugar chain data 
obtained from IgG, IgA glomerulonephritis, rheumatoid arthritis, diabetes mellitus, liver 
disease, or information useful to diagnosis of atopic dermatitis can be acquired. 
[0014]A neural network has high-speed parallel operation capability and a learning function, 
and demonstrates power to analysis of much information. As a neural network, can adopt a 
layered network, a cross coupling type network, etc. suitably, for example, and as the learning 
method, An error reverse propagation learning method etc. of common knowledge which 
changes coupling load and determines optimal coupling load so that an error of an output 
pattern given as a teacher pattern and an output value of neurone of a actual output layer 
may be decreased one by one are employable. 
[0015] 

[Embodiment of the Invention] Hereafter, an embodiment of the invention is described. 
[Embodiment 1] The discernment examination of IgA glomerulonephritis was done using the 
data of the IgG neutral sugar chain of diagnostic-assistances plurality of IgA 
glomerulonephritis. IgG neutral sugar chain structure Age (Raj. Parekh, et al. (1988), Brief 
Definitive Report, 167, 1731-1736.), Since changing with sex (N. Tsuchiya, et al. (1993), 
J.Immun., 151, 1137-1146.) is known, The data of the peak area ratio (percentage) of age, sex, 
IgG concentration, and an IgG neutral sugar chain was used as an input pattern. The thing of 
19 IgA glomerulonephritis patients and 30 healthy persons with confirmed diagnosis was used 
for the data for a discernment examination. 

[001 6]The IgG neutral sugar chain was analyzed as follows. First, IgG was prepared using the 
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protein G from the blood serum. While cutting down the sugar chain by enzyme digestion from 
prepared IgG, all the sugar chains were used as the neutral sugar chain by enzyme digestion. 
The cut-down neutral sugar chain was fluorescent-labeling-ized, and HPLC using an 
octadecylsilyl (it is described as octadecylsilyl and the following ODS) column (Nakanopak 
ODS-A: Product made from AJINOKI) analyzed 12 kinds of neutral sugar chains. The sugar 
chain structure of the analysis result by an ODS column and each peak A-P is shown in 
draw ing 1 . 

[0017]When calculating a peak area ratio (percentage), since the sugar chain of the serum 
glycoprotein origin of those other than IgG may have mixed irrespective of a IgA 
glomerulonephritis patient and a healthy person by a sample, the peak D was excepted from 
input data. Although the peak N and the peak 0 were originally divided into two peaks, since 
it may have been detected as one peak by a column, it calculated as one peak of N+O 
beforehand. It asked for the percentage of each peak area from the area of 1 1 kinds of all 
sugar chain peaks detected other than the peak D. 

[0018]First, it examined identifying IgA glomerulonephritis by the test-of-significan'ce method 
of conventional statistical Mann-Whitney using the neutral sugar chain peak area ratio of IgG 
calculated as mentioned above for comparison. As a result, the significant difference was 
observed only in the ratio of the sugar chain peaks F and G shown in drawing 2 by 5% or less 
of percentage of risk. As for the recognition rate of the IgA glomerulonephritis patient at the 
time of setting a cutoff value as average value ** (2x standard deviation), and a healthy 
person, at this time, the specificity was 10.5% in sensitivity 100% 65.3%. However, a 
recognition rate, specificity, and sensitivity are defined by the following formula, respectively, 
when setting to nh the number of samples which identified np and a healthy person for the 
number of samples which identified [ the number of patient samples ] NH and a patient for 
NP and the number of healthy person samples as a patient as a healthy person. 
[001 9]Recognition rate = (np+nh)/(NP+NH) 

Sensitivity =np/NP specificity = nh/NH [0020]Next, the method of this invention using a 
neural network is explained. Here, it asked for the percentage of each peak area from the 
area of 1 1 kinds of all sugar chain peaks detected other than the peak D shown in drawing 1 , 
and was considered as input data. Having decided to use all the detected peaks as an input 
pattern is based on the following reasons. The sugar chain structure said to change with 
diseases until now is caught only by change of remarkable concentration, and change of the 
statistic by the combination of the simple sugar chain on statistics. However, considering that 
many kinds of sugar chains exist in the living body, in the analysis conducted until now, since 
a possibility that the information which a sugar chain has cannot fully be pulled out is left 
behind, analysis about all the sugar chains will be conducted by the complicated pattern 
analysis by a neural network. 

[0021]Among [ A, B, and C ] the sugar chain peaks [ peaks / said / 1 1 kinds of / sugar 
chain ] further shown in drawing 1 , except for four kinds of data of UN, it can ask for the 
percentage of each sugar chain peak area from remaining seven kinds, and can use as input 
data. Since the reaction by-product produced in the case of fluorescentHabeling-izing of a 
sugar chain laps with the elution position from which the sugar chain peak A, B, and C and 
UN are detected by HPLC using an ODS column and detected, if the sugar chain peak A, B, 
and C and UN are excluded, dispersion by the reaction condition of data can be held down to 
it. 

[0022]When the discernment examination of a monopathy was done from two or more 
diseases, using the peak area ratio of seven kinds of such IgG neutral sugar chains as input 
data, sensitivity and a recognition rate improved slightly. As a neural network, the layered 
network of three layers as shown in drawing 3 was adopted. 

[0023]Here, as an input pattern, age, sex, IgG concentration, and the data of the peak area 
ratio (percentage) of 1 1 kinds of said IgG neutral sugar chains, That is, since it identified in all 
whether they were two kinds of outputs, i.e., IgA glomerulonephritis, using 14 items of data, 
the number of neurone of the input layer made two pieces 14 pieces and the number of 
neurone of the output layer. Two neurone of an output layer supports the output values 0 (he 
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is a healthy person) and 1 (it is IgA glomerulonephritis). It was considered as the number of 
neurone of the output layer with two pieces in this example in order to only clarify 
significance of discernment, and the number of neurone of an output layer may be one piece, 
and it may be made to display the probability or percentage of risk of a possibility of being 
IgA glomerulonephritis as three or more pieces. 

[0024]If too small, a complicated combination of an input pattern will not get across to an 
output layer, and it will not be completed by study, and even if there is too many an 
interlayer's neurone conversely, its learning frequency increases, it requires time and 
becomes complicated. Therefore, the interlayer's number of neurone determined the optimum 
number experimentally. Here, changed the interlayer's number of neurone from 1 to 30, it was 
made to learn by the error reverse spreading method, and the number of neurone of the 
interlayer at the time of being the highest-achieving and four pieces were adopted in having 
conducted the discernment experiment. 

[0025]30 IgA glomerulonephritis patients who a neural network's study took out 1 1 examples 
from 30 healthy persons' data with the above-mentioned confirmed diagnosis, and 1 9 IgA 
glomerulonephritis patients' data at random, and considered it as 30 examples, The output 
pattern to wish to have was twisted to the error reverse propagation learning method given 
as a teacher pattern using the data of a total of 60 examples. First, each of each peak area 
ratio of 1 1 kinds of IgG neutral sugar chains by age, IgG concentration, and the above- 
mentioned analysis method was normalized by the following (several 1). However, it was 
considered as the neural network who can cope with lack information in inputting as a= 0 to 
missing data, and was referred to as a= 1 to extremely big data or small data (flying apart 
value) compared with other values. About sex, 0.1 and a woman were evaluated for the male 
as 0.9. the value which flies apart and can reject a value, for example by Smirnoffs null 
hypothesis test — carrying out (the 284-285th pages of Kiyoshi Ichihara "statistics of 
bioscience" Nankodo publication (1990)) — or it may be decided experientially that they will 
be arbitrary values. Here, all values rejectable by Smirnoffs null hypothesis test were set to 
a= 1, it normalized by (several 1), and the unrejectable value was evaluated and inputted 
between 0.1-0.9. 
[0026] 

[Equation 1]Data a max :maximum a mip before the data a 0 :normalization after a={(a 0 -a mjn )/ 
(a max -a min )} x0.8+0.1a:normalization: Minimum [0027] An input value multiplies by coupling load, 
respectively, and gets across to an interlayer, and each input value by which coupling load 
multiplied is added, and is outputted in response to modification by a response function. 
Coupling load takes the advantage of the output from an interlayer again, and it is added to it 
in an output layer, and is outputted in response to modification by a response function. The 
sigmoid function was used as a response function. Coupling load is changed to the optimal 
value by repeating changing coupling load so that the error of the given teacher pattern and 
the value of a actual output layer may be decreased one by one to all the teacher patterns 
with an error reverse propagation learning method. 

[0028]The above mentioned data of a IgA glomerulonephritis patient and 30 healthy persons 
each (a total of 60 examples) is used, The reeve one out (leave one out) method, Namely, the 
place which investigated the IgA glomerulonephritis patient's recognition rate and sensitivity 
by the method of repeating respectively identifying about the one remaining examples using 
the neural network who did the end of study by the data of 59 examples, and performing it 
about all the 60 examples data, It compares with the conventional statistical technique which 
the recognition rate explained at 93.3% and sensitivity explained according to 96.7% and a 
comparative example, and the gap also improved by leaps and bounds. 
[0029]Next, each sugar chain data found out as follows how it would contribute to 
discernment of IgA glomerulonephritis. As shown in drawing 4 , change of a recognition rate 
when combination with one arbitrary input layer (an example of drawing 4 the peak P) and 
interlayer is intercepted among 1 1 kinds of IgG neutral sugar chain peak area ratios was 
investigated about 1 1 kinds of all the sugar chains. When setting a recognition rate when 
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combination with an entry-of-data layer of x Q and one kind of a certain sugar chain peak area 
ratio and an interlayer is intercepted for a recognition rate at the time of combining all of an 
entry-of-data layer and an interlayer of a sugar chain peak area ratio to x, The following 
(several 2) defines the contribution y over a recognition rate of a sugar chain which 
intercepted combination with the input layer and interlayer. 
[0030] 

[Equation 2]y=(x 0 -x)/x 0 [0031]Contribution is similarly defined about specificity and 
sensitivity. To each of a recognition rate, specificity, and sensitivity, drawing 5 graph-izes the 
contribution of each sugar chain data in a IgA glomerulonephritis patient's discernment, and 
shows it. The useful thing is meant to discernment of the IgA glomerulonephritis by a neural 
network as the sugar chain in which big contribution is shown. In this case, it turns out that 
all the sugar chain data other than the sugar chain peak P is acting effectively about 
discernment of IgA glomerulonephritis, a neural network discriminates from drawing 5 with a 
complex combination of these sugar chain data, and the recognition rate is raised. 
[0032]A discriminated result by the conventional statistical technique and a discriminated 
result by a neural network who combined all the neurone are summarized in Table 1, and are 
shown. 
[0033] 
[Table 1] 



[0034]Thus, by using a neural network as a means to analyze IgG neutral sugar chain peak 
area ratio data, Analysis which combined sugar chain information on various sorts which were 
not fully able to be performed by the conventional statistical technique can be conducted 
automatically, and, moreover, improvement in a recognition rate of a disease and a non- 
disease in the analysis can be aimed at. 

[0035]Although HPLC which used an ODS column analyzed a sugar chain and an example 
which adopts data of each peak area ratio as an input pattern was explained here, With a 
method, immunoelectrophoresis, etc. which use other columns (gel filtration, an affinity 
column, etc.), or use lectin and an antibody, detection of a sugar chain is good and may use 
data of concentration of a sugar chain measured by these methods, etc. as an input pattern. 
[0036][Embodiment 2] A discernment examination of rheumatoid arthritis was done using data 
of a peak area ratio (percentage) of an IgG neutral sugar chain analyzed by HPLC using 
diagnostic-assistances age of rheumatoid arthritis, sex, IgG concentration, the number of 
WBC (leucocytes), and an ODS column as an input pattern. As data for a discernment 
examination, a thing of 59 sufferers from rheumatism and 278 healthy persons with confirmed 
diagnosis was used. 

[0037]Analysis of an IgG neutral sugar chain was conducted like Embodiment 1. The sugar 
chain structure of the analysis result by an ODS column and each peak A-P is shown in 
drawing 6. It examined first, using the neutral sugar chain peak area ratio of IgG, and 
identifying rheumatoid arthritis by the test-of-significance method of conventional statistical 
Mann-Whitney for comparison. As a result, as shown in drawin g 7, as for the recognition rate 
of the sufferer from rheumatism and healthy person at the time of setting a cutoff value as 
average value ** (2x standard deviation) by the ratio of the sugar chain peaks H and P the 
significant differences were accepted to be by 0.1% or less of percentage of risk, the 
specificity was 66.1% in sensitivity 96.8% 91.4%. 

[0038] Next, the identifying method using a neural network is explained. The neural network 
was taken as the layered network of three layers using the same sigmoid function as 
Embodiment 1 , as shown in drawing 8 . Since it identified whether it was rheumatism based on 
the information on [ 1 5 items of / a sugar chain and clinical ], the number of neurone of the 
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input layer was made into 15 pieces, and the output layer could be two pieces. Two neurone 
of an output layer is the output values 0 (it is healthy) and 1 (it is rheumatism). It 
corresponds. The interlayer's number of neurone determined the optimum number by 
experiment. Here, the number of neurone of the interlayer at the time of changing an 
interlayer's number of neurone to 1-30, making it learn by the error reverse spreading 
method, and being able to learn most efficiently was adopted. In this case, they could be 1 6 
pieces. 

[0039]A neural network's study was based on the error reverse propagation learning method 
which gives the output pattern to wish to have as a teacher pattern using the data of a 
rheumatoid arthritis patient and 50 healthy persons each with the above-mentioned 
confirmed diagnosis. The network which reached shortest time was used for the set-up error 
rate supposing the case where there is practical restriction this time. First, the normalizing 
process by the above (several 1 ) was performed to each of the sugar chain peak area ratio of 
1 1 kinds of IgG neutral sugar chains by age, IgG concentration, the number of WBC, and the 
above-mentioned analysis method like Embodiment 1, and it was considered as the input 
pattern. However, to missing data, it was considered as the network which can cope with lack 
information as a= 0, and was referred to as a= 1 to extremely big data or small data (flying 
apart value) compared with other values. About sex, 0.1 and a woman were evaluated for the 
male as 0.9. 

[0040]The above mentioned data of a rheumatoid arthritis patient and 50 healthy persons 
each (a total of 100 examples) is used, The reeve one out (leave one out) method, Namely, 
the place which investigated the rheumatoid arthritis patient's recognition rate by the method 
of repeating respectively identifying about the one remaining examples using the neural 
network who did the end of study by the data of 99 examples, and performing it about all the 
1 00 examples data, It became 96.0% of a recognition rate, 96.0% of specificity, and 96.0% of 
sensitivity, and sensitivity improved. 

[0041]Next, it was found out how each sugar chain data would contribute to discernment of 
rheumatoid arthritis like Embodiment 1 . Like drawing 5 , drawing 9 graph-izes the contribution 
of each sugar chain in a rheumatoid arthritis patient's discernment, and shows it. The larger 
sugar chain of contribution is more useful to discernment of the rheumatoid arthritis patient 
by a neural network. 

[0042]When combination with the input layer of the data of the sugar chain peak B and an 

interlayer was intercepted as data of the low sugar chain of contribution to discernment of 

the rheumatoid arthritis patient by a neural network with reference to the result of drawing 9 , 

specificity improved to 98.0% and the recognition rate improved to 97.0%. 

[0043]The discriminated result by the neural network at the time of combining all of the 

discriminated result by the conventional statistical technique, and the entry-of-data layer 

and interlayer of a sugar chain and the discriminated result by the neural network who 

intercepted combination with the entry-of-data layer of the sugar chain peak B and an 

interlayer are summarized in Table 2, and are shown. 

[0044] 

[Table 2] 
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[0045][Embodiment 3] The discernment examination of atopic dermatitis was done using the 
data of the peak area ratio (percentage) of the IgG neutral sugar chain analyzed by HPLC 
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using the diagnostic-assistances age of atopic dermatitis, sex, and an ODS column as an 
input pattern. As data for a discernment examination, the thing of 24 atopic dermatitis 
patients and 63 healthy persons with confirmed diagnosis was used. 

[0046] First, when it examined identifying atopic dermatitis by the test-of-significance method 
of conventional statistical Mann-Whitney for comparison, as shown in drawing 10 , the 
significant difference was observed in the ratio of the sugar chain peaks F and G by 5% or 
less of percentage of risk. As for the recognition rate of the atopic dermatitis patient at the 
time of setting a cutoff value as average value ** (2x standard deviation), and a healthy 
person, at this time, the specificity was 8.3% in sensitivity 92.1% 69.0%. 
[0047]Next, the identifying method using a neural network is explained. The number of 
neurone of a neural network's input layer was made into 13 of age, sex, and 1 1 kinds of IgG 
sugar chains, and the number of neurone of the output layer was made into atopic dermatitis 
and two healthy pieces. The interlayer's number of neurone was determined based on the rule 
of thumb, and was made into four pieces. Each data of age, sex, and an IgG sugar chain 
performed the normalizing process like Embodiment 1 , and used it as the input pattern. A 
neural network's study was based on the error reverse propagation learning method which 
gives the output pattern wished to have using the data of 24 examples selected at random 
out of 24 atopic dermatitis patients with the above-mentioned confirmed diagnosis, and 63 
healthy persons as a teacher pattern. 

[0048]When the atopic dermatitis patient's recognition rate was investigated by the reeve one 
out method using the data of this atopic dermatitis patient and 24 healthy persons each (a 
total of 48 examples), 89.4% of sensitivity, 83.3% of specificity, and 86.3% of a recognition rate 

were acquired. Thus, by using a neural network, sensitivity and a recognition rate improved 
compared with the conventional statistical technique. 

[0049]The discriminated result by the conventional statistical technique and the 
discriminated result by a neural network are summarized in Table 3, and are shown. 
[0050] 
[Table 3] 
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[0051][Embodirment 4] The diabetic discernment examination was done using the data of the 
peak area ratio (percentage) of the IgG neutral sugar chain analyzed by HPLC using diabetic 
diagnostic-assistances age, sex, and an ODS column as an input pattern. As data for a 
discernment examination, the thing of 34 diabetics and 1 1 0 healthy persons with confirmed 
diagnosis was used. 

[0052]First, when it examined identifying diabetes mellitus by the test-of-significance method 
of conventional statistical Mann-Whitney for comparison, as shown in drawing 11 1 , the 
significant difference was observed in the rate of the sugar chain peak F by 0.1% or less of 
percentage of risk. As for the recognition rate of the diabetic at the time of setting a cutoff 
value as average value ** (2x standard deviation), and a healthy person, at this time, the 
specificity was 2.9% in sensitivity 95.5% 73.6%. 

[0053]Next, the identifying method using a neural network is explained. The number of 
neurone of a neural network's input layer was made into 13 of age, sex, and 1 1 kinds of IgG 
sugar chains, and the number of neurone of the output layer was made into diabetes mellitus 
and two healthy pieces. The interlayer's number of neurone was determined based on the rule 
of thumb, and was made into four pieces. Each data of age, sex, and an IgG sugar chain 
performed the normalizing process like Embodiment 1, and used it as the input pattern. A 
neural network's study was based on the error reverse propagation learning method which 
gives the output pattern wished to have using the data of 34 examples selected at random 
out of 34 diabetics with the above-mentioned confirmed diagnosis, and 110 healthy persons 
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as a teacher pattern. 

[0054]When the diabetic's recognition rate was investigated by the reeve one out method 
using the data of this diabetic and 34 healthy persons each (a total of 68 examples), 1 00% of 
sensitivity, 100% of specificity, and 100% of a recognition rate were acquired. Thus, by using a 
neural network, sensitivity, specificity, and a recognition rate improved compared with the 
conventional statistical technique. 

[0055]The discriminated result by the conventional statistical technique and the 
discriminated result by a neural network are summarized in Table 4, and are shown. 
[0056] 
[Table 4] 
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[0057][Embodiment 5] The discernment examination of liver disease was done using the data 
of the peak area ratio (percentage) of the IgG neutral sugar chain analyzed by HPLC using 
the diagnostic-assistances age of liver disease, sex, and an ODS column as an input pattern. 
As data for a discernment examination, the thing of 60 patients with liver disease (20 
hepatitis, 20 liver cirrhosis, 20 hepatoma) and 110 healthy persons with confirmed diagnosis 
was used. 

[0058] First, when it examines identifying liver disease by the test-of-significance method of 
conventional statistical Mann-Whitney for comparison, as shown in drawing 12 , the ratio of a 
sugar chain with by sect N-acetyl glucosamine to the sugars which it does not have — the 
significant difference was observed in (M+N+0+P)/(E+F+G+H) by 0.1% or less of percentage 
of risk. As for the recognition rate of the patient with liver disease at the time of setting a 
cutoff value as average value ** (2x standard deviation), and a healthy person, at this time, 
the specificity was 43.3% in sensitivity 93.6% 75.9%. 

[0059]Next, the identifying method using a neural network is explained. The number of 
neurone of a neural network's input layer was made into 13 of age, sex, and 1 1 kinds of IgG 
sugar chains, and the number of neurone of the output layer was made into liver disease and 
two healthy pieces. The interlayer's number of neurone was determined based on the rule of 
thumb, and was made into four pieces. Each data of age, sex, and an IgG sugar chain 
performed the normalizing process like Embodiment 1 , and used it as the input pattern. A 
neural network's study was based on the error reverse propagation learning method which 
gives the output pattern wished to have using the data of 60 examples selected at random 
out of 60 patients with liver disease with the above-mentioned confirmed diagnosis, and 1 1 0 
healthy persons as a teacher pattern. 

[0060]When the patient's with liver disease recognition rate was investigated by the reeve 
one out method using the data of this diabetic and 60 healthy persons each (a total of 120 
examples), 87.8% of sensitivity, 83.9% of specificity, and 85.9% of a recognition rate were 
acquired. Thus, by using a neural network, sensitivity and a recognition rate improved 
compared with the conventional statistical technique. 

[0061 ]The discriminated result by the conventional statistical technique and the 
discriminated result by a neural network are summarized in Table 5, and are shown. 
[0062] 
[Table 5] 
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[0063][Embodiment 6] Diagnostic assistances of rheumatoid arthritis (severity discernment) 
Severity was identified by the neural network using the data of a rheumatoid arthritis patient 
and a healthy person. The data used as an input pattern is the same as Embodiment 2. 
[0064]As data for a discernment examination, 48 rheumatoid arthritis patients and 282 
healthy persons of confirmed diagnosis who are attached were used. The rheumatoid arthritis 
patient is divided into the stages 1-4 as severity based on organic change of a joint, In now, 
in the patient of the stage 1 , the patient of 1 5 examples and the stage 2 added the data for 
which the patient of 1 1 examples and the stage 3 chose for the number of the patients of six 
examples and the stage 4 to be 1 6 at random to make each 20 stages. The classification of 
severity is based on the stage classification of Steinbrocker (this country clinical statistics 
collection and 512-521 (1993) Nippon Rinsho). The healthy person chose 20 examples from 
282 examples at random. 

[0065]The number of neurone of a neural network's input layer was made into 15 pieces like 
Embodiment 2, and the number of neurone of the output layer was made into each stage and 
five healthy pieces. The interlayer's number of neurone was determined based on the rule of 
thumb, and was made into six pieces. Each data of age, sex, IgG concentration, the number of 
WBC, and an IgG sugar chain performed the normalizing process like Embodiment 1, and used 
it as the input pattern. A neural network's study was based on the error reverse propagation 
learning method which gives the output pattern wished to have using the data of 20 examples 
selected at random out of 20 rheumatoid arthritis patients each of the stage 1 - the stage 4 
with the above-mentioned confirmed diagnosis, and 282 healthy persons as a teacher pattern. 

[0066]When the severity of rheumatoid arthritis is identified by the reeve one out method 
using the data of this rheumatoid arthritis patient and a healthy person, as shown in Table 6, 
84.5%, 97.5%, the stage 3 was 100.0%, the stage 4 was 87.5%, and the stage 1 of sensitivity was 
[ the stage 2 ] an average of 92.4%. 96.0% of specificity and 93.1% of a recognition rate were 
acquired. Thus, the severity of rheumatoid arthritis was able to be identified by using a neural 
network. 



[0067] 
[Table 6] 
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[0068][Embodiment 7] Diabetic diagnostic assistances (typus morbi discernment) 

The neural network performed diabetic typus morbi discernment using the data of a diabetic 

and a healthy person. As an input pattern, the data of age, sex, and an IgG sugar chain was 

used. 

[0069]As data for a discernment examination, 34 diabetics (inside five I-beams, II type 29 
examples) and 110 healthy persons with confirmed diagnosis were used. The classification of 
diabetic typus morbi is based on a classification of WHO in 1980 (internal medicine, 75, 1524 - 
1527 (1995) Nankodo). What has shortage of type I diabetes mellitus and an insulin relative 
[ what has absolute shortage of an insulin ] is classified into type II diabetes mellitus. Type I 
diabetes mellitus also calls insulin-dependent diabetes mellitus and type II diabetes mellitus 
non-insulin dependent diabetes mellitus. The patient added data selected at random and was 
taken each as an I-beam and 30 II molds. The healthy person chose 40 examples from 110 
examples at random. 

[0070]The number of neurone of a neural network's input layer was made into 1 3 of age, sex, 
and 1 1 kinds of IgG sugar chains, and the number of neurone of the output layer was made 
into a diabetes-mellitus I-beam, a diabetes-mellitus II type, and three healthy pieces. The 
interlayer's number of neurone was determined based on the rule of thumb, and was made 
into four pieces. Each data performed the normalizing process like Embodiment 1, and used it 
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as the input pattern. A neural network's study was based on the error reverse propagation 
learning method which gives the output pattern to wish to have as a teacher pattern. 
[0071]When diabetic typus morbi was identified by the reeve one out method using the data 
of this diabetic and a healthy person, as shown in Table 7, a diabetes-mellitus I-beam is 
[ 100.0% and a diabetes-mellitus II type ] 93.2%, and, as for sensitivity, an average of 96.7% 
was obtained. 1 00.0% of specificity and 98.0% of a recognition rate were acquired. Thus, 
diabetic typus morbi was able to be identified by using a neural network. 
[0072] 
[Table 7] 
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[0073] [Embodiment 8] Two or more monopathies were discriminated from the disease by the 
neural network using the data of the patient for discernment each disease of every of a 
monopathy, and a healthy person's data. As an input pattern, the data of age, sex, and an IgG 
sugar chain was used. 

[0074]19 IgA glomerulonephritis patients and 30 healthy persons who attach confirmed 
diagnosis as data for a discernment examination, respectively, 48 rheumatoid arthritis 
patients, 282 healthy persons, 24 atopic dermatitis patients and 63 healthy persons, Take out 
30 examples and a healthy person six examples at a time from 34 diabetics, 110 healthy 
persons, 60 patients with liver disease and 110 healthy persons, and the above data at 
random, respectively, and a patient on the whole, The discernment examination was done as a 
total of 1 80 examples of 30 IgA glomerulonephritis patients, 30 rheumatoid arthritis patients, 
30 atopic dermatitis patients, 30 diabetics, 30 patients with liver disease, and 30 healthy 
persons. However, about the atopic dermatitis patient and the IgA glomerulonephritis patient, 
the data selected at random out of each patient was added to make 30 examples. 
[0075]The number of neurone of a neural network's input layer was made into 1 3 of age, sex, 
and 1 1 kinds of IgG sugar chains, and the number of neurone of the output layer was made 
into six pieces, a IgA glomerulonephritis patient, a rheumatoid arthritis patient, an atopic 
dermatitis patient, a diabetic, a patient with liver disease, and a healthy person. The 
interlayer's number of neurone was determined based on the rule of thumb, and was made 
into 12 pieces. Each data performed the normalizing process like Embodiment 1, and used it 
as the input pattern. A neural network's study was based on the error reverse propagation 
learning method which gives the output pattern to wish to have as a teacher pattern. 
[0076]When a disease is identified by the reeve one out method using the data of said two or 
more disease patient and a healthy person, as shown in Table 8, Sensitivity was IgA 
glomerulonephritis, and of rheumatism, 81.7%, 84.3%, 86.3% was obtained of diabetes mellitus 
by atopic dermatitis, and it was obtained on the average 88.0% by liver disease 87.0% 90.7%. 
Specificity was 61.3% and the recognition rate was 82.2%. Thus, by using a neural network, the 
monopathy was able to be discriminated from two or more diseases. 
[0077] 
[Table 8] 
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[0078] 

[Effect of the Invention]According to this invention, analysis which combined the sugar chain 
content of the various sorts which were not fully able to be performed by the conventional 
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statistical technique can be automatically conducted by using a neural network as a means to 
analyze sugar chain data. 

[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1]The figure showing a IgA glomerulonephritis patient's IgG neutral sugar chain 
analysis result. 

[Drawing 2] The distribution map of sugar chain peak ratio G/F to IgA glomerulonephritis and 
a healthy person. 

[Drawing 3j The lineblock diagram of the neural network for IgA glomerulonephritis patient 
discernment. 

[Drawing 4]The explanatory view of the neural network who intercepted combination with an 
input layer and an interlayer about one sugar chain data. 

[Dra wing 5lThe figure showing the contribution of each sugar chain data in a IgA 
glomerulonephritis patient's discernment. 

[Drawing 6] The figure showing a sufferer's from rheumatism IgG neutral sugar chain analysis 
result. 

[Drawing 7]The distribution map of sugar chain peak ratio P/H to a sufferer from rheumatism 
and a healthy person. 

[Drawing 8]The lineblock diagram of the neural network for rheumatoid arthritis patient 
discernment. 

[Drawing 9] The figure showing the contribution of each sugar chain in a rheumatoid arthritis 
patient's discernment. 

[Drawing 10] The distribution map of sugar chain peak ratio G/F to an atopic dermatitis 
patient and a healthy person. 

[Drawing 1 1] The distribution map of a rate occupied at the whole sugar chain peak F to a 
diabetic and a healthy person. 

[Drawing 12]The distribution map of sugar chain peak ratio (M+IM+0+P)/(E+F+G+H) to a 
patient with liver disease and a healthy person. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DRAWINGS 

[Drawing 2] 

1.00-1 




[Drawing 3] 




[Drawing 1] 
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[Drawing 4] 




[Drawing 5] 
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[Drawing 1 0] 




[Drawing 1 2] 
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[Translation done.] 
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1#M¥9-2 5 7 7 9 0 

4 

<0 & Lfc*tt««££*BBMs U y A- 

(octadecylsilyl, WTODStEt) (Kakano 
pak ODS-A: (ft) 7SV*«) Srffll^fcHP L CiC ± r» 
1 2««©*tttl0(*#flfl,fc„ ODS*7Afc«tS» 

# t a~ p (D^mmm 1 i^i-. 

[0 0 17] tf-^gm t- 
^DttfttttioTI gAWifeft*, &K%\Zi>i*tob 
T I gG^(DiL*fe^yy^RS*^ji^^At5 

7Ati(9 locDt 0 -^ t UTtfefflStlS^taJ&Sfc 

fct^DftN+OWlo©t°-^tLTft»Lfc 0 
K'-i>D$Xft(DmX'%tzWmt°-t 1 lSS^TOffi 

[0 0 18] itS©fcfe(C, flMBCfc^fcLT 

Mann-Whitney 0*t36«£ftfcJ: D I gAf 

■hmtbbhtzo r©t#, *y h*7fltSrJW*± (2 
xfciiffi!!) g AWl£A#i:#f# 

t ©ISil*[4 6 5.3%, 100%, 1 

0. 5%-efcofc. 7cfc*L, BK¥, #MSXt>«g 
it, ft^ftfrftSrNP, «t#lt^i:^NH, JS#«:S 

zt hxmm Ltzmmz n P , «tt*ftt#i lt 

[0 0 19] mii*= (np + nh) / (NP + NH) 
iig =np/NP 

[0 0 2 0] =^-7/^?/ h!7-^^ffl^5* 

-^D^©KtniT*fciii?-i' i i«^T©sa 

it. ®tor<$tzt°-tz£xAt}^->bLxm^ 
zbtLtz(Dtt s ^Twa^ictSo $tx\ 
->xmtt%baioftx\^mm.mmt, mmtum&o 

b , frtitz.ftmxmm- 

yF^i; J: -yiftiTOilCo 

[0 0 2 1] ffJlEl ilfi©S«f-^>^b 
£01K^t«MRtf-*©5*>A, B, C, UN©4« 
S©7-^^r*^T, »•? 7ttH^MLT#e«fc-^ 



5 

0DS*5^*fflV^HPLClCj:!J«ilf-^ 

a, b, c uN^a^siffleitii, mmnik 

fcft, SHBtf-^A, B, C, UN£|&^t 3ir~-£ 
[0 0 2 2] r?U5ft7«S©I gG<Ftt«K©fc°- 

±Lfc 0 5a-?^y i LTtt, H3^t 

i5&3lOBJi^y H7-^S:ftfflLfc. 10 

[0023] r^Tii, -*sb l/t, ^ 

R I g G««StWIB 1 1 «§I© I g G tt*«© tf 

"e*>5«»5a»fr«aiJi"5o , T?x A^s©~^.-p^iite 

l4fl, w^Sco=i-py»:H2iBiLfc. ffl^l© 

(I gAUTefeS) fc*tf&L-c^5. r©$Jfttj#f 
©^-p yfc% 2li Lfc©fi¥fci$J0#jW£*W 
bMrf 9, ffl*l©=a-P^Scfilfl"? 20 

fcoT<bii/vu 3fl£H±iLt:i gAiffi-eabSWffi 

. [0 0 2 4] tlHlC^a-Pl'ftH:, '>/rf#'5iA 

l©=a-P yfC^ 1 t>b 3 0 tT«$*Tia«K 

[0 0 2 5] =a-7M';M7-?oflft> il^o 
*£»»T©o^TV^ftt*3 0W<D?-fik I gAf 

T 3 0 0ij i Ltc I g AWIeE# 3 0 6 0 0iJ©T 

xttzmm&mmt^ito *-r, m i g 

Gttft, ±E##rftt,fc5 IgGtWl l«ii©=& 

fcfiU ^Sx-^MLTfia^iLTA^-fS- 40 

t-C**«f«fc»ttiriEft=a-5^S' M7-*i 

-9 (fltxmXM) K*tl/tlia = l i Ufc. ttSUfcH 
LTIiHttSrO. 1, &tt£0. 9iLTicfaftbfc„ fps 

SffSSmiK (1 9 9 0*F) 12 8 4-2 8 5 K) i\ h 

^5/W7 <t 9 «*P"C# Sft a = 1 
iU **p-c**^»i (ftl) KiDESLftU 0. 50 



$M¥9 - 2 5 7 7 9 0 

6 

1-0.9 ©IBfcfcttflS LT A* Ufc 0 
[0 0 2 6] 

a = { (a. -a- ) / (a- -a- ) } X 
0.8 + 0.1 

a : mmvf-t 

a. : lEM{m<VT~? 
a- 

a* : ft/WE 

[0 0 2 7] A^lSte, *ft€*l*r#fifa«:3|Hf fcftT 

trastefr g^-ta^nf ttifc#A^tt(±spi 

Six, J6*H*-J:5jE^SrStt-CW***iSa *M« 

•OB* Sit, j£»BBftKJ:5*®*SftTffl***i5. 

^1 Ssfc J; 9 , * 7L h ftldm** ~ > i HP © W^jl 
©If £©l*3S*Sfc*'>i*tf S ± 5 fc8i£ffifS©£SE«: 

[0 0 2 8] IWBUfcl gA"#ffi«*i:*tt#3 0« 

(£W-6 0$) ©9*-^Srfflv\ y-y-yy-rn 

(leave one out) ft, tfcfc*> 5 9 0fl<05W-CM£f 
*7 Lfc=s-7>* y h SrfflV^T»9 © 1 
ovvTKSiJ«:fT5*&£6 0{?!l©7 :: '-^(c:ov^T€-*S 
t» £ Ut 5 t&X I g AW JiA#©88K*&W«i6 * M 

^tzt^b, mm^tf 9 3.3 %, ff£# 9 6 . 7 % i Jt 

[0029] ^(c, ^-Kfitf*-* as^oi5t I gAff 
&(Dm\\m^LX^t^(D J; 5 t LTEW Lf-„ 

0 4 (d/^i- J; o ii S«© i g G f ttiK « t •- * ffi 
ffiJt©5*?ffit©lo (H4©f?i]Ti±t 0 -^p) ©A^J 

1 t 1 1 ©»^^» Lfc i # ©fgJ!*©^b 1 1 

<r>f-9<nX1M t<¥fflMt Sr^TlS^ bfc#^©Eil 
*^x», fc51«$i©t#*tW®m©r-*©A 

t "fiwi t m^mmuc t # x 1 1 

5 it, ^©A7Jli^Pflii©^&»Ufcg«© 
W**t*f^5JtilftftyS:ft» (ft 2) 
[0 0 30] 

[ft 2] y= (xo-x) /x, 

[0 0 3 1] ftSftXU'JfiSt-H tT t> lUtt UTJtltt 
g&£*t5o H5f±, I gA.WSft#©»Jfcfct1-5 
#»»T-^oSiSmSSr»«*, lS©#*li 

*LXV^5«RBif=a-7/i'^y M7-^t,t5 I g 
^fi, I gA"PHig©»»JfcBiLTailWC^fflUT*i 



#P!¥9 -2 5 7 7 9 0 



[0 0 3 2] isagijg^, £T 

[0 0 3 3] 
[Si] 



IS s. 
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[0 0 3 4] Z<D£?^ IgGtttWt'-«itt 

f-i?yWt5¥iiLt= a -7/^^ h7~-^£ 

& t i ©»« ft ± * h § ^ t $ m * § 0 

[0 0 3 5] r:t?liODS*5A*ffl^feHPLCt 
*7A (y/Hi, 77^7^-*7Afti*) fc/§^ 20 

i -a -c t j; v ^ u r *i e> -ca t l 

[0 0 3 6] CH16©JK«I2) ittl»y^f»M 

m ttffl, I gG«g, WBC (fijfiL«) ft, ODS 
*7A^l^fcHPLC -?ft*f L/C I g G tT 
mm) <r>¥-**M'<9->bl,Xft 

^x, sttiffiy 7v^©iigijK^^Tofc 0 ksuks 

lOf-^ t LT(± N H^#»fWo^T^5 y 30 
[0 0 3 7] I g G *ttJt#l©£tf tt**07EMI 1 <t ^ 
~P©*<l«ififiria6t^1- 0 ftfc tkgwfcfct, 
W Mann-Whitney OtSfttftSftl;: J: 5 ft&Hff y -7 v 

fc°— ^ H i P wife*?, * 7 h iry\t^m\U± ( 2 x 

SipffiM) fc&£Lfc*£©y *T^S#ttt»#©g 40 

K*l± 9 1.4%, #ggf± 96.8%, Jg£f± 66.1 
%T'feofc 0 

[0 0 3 8] jfct, ^-7/^-7 H7-?£fl!^5K 

n 8 ic*t ± 5 c. mmmm 1 1 [Wr^^ kbb 

Pt£ffl^3 3S©^lST-7 h7-^ir L£ 0 15«S 
a»SrKKS'Jt5ro-C, A^Iro^a-n^JSiii 5fi» ffl 



^SH2{it Lfc. ffi^S©2fi©=a.-ny(j;ttj7Mii 

o (mxhz) . i (y ^n-fc5) i;^lt^ 

©»£fil 6 fit Ufc, 

[0 0 3 9] =3.-7^7 M7-^O^f ii, ffJl© 

5 om<OT-*&m\ %mir statist 

fix Hffl±©SJPBi9Sfc5#£$:il£U RSLfclHI* 

», I gGlK, WBCit ±IE^tffft|Cj;5 I gG^ 
ttttgll laSo^t-^E^jt^^^tSfiWJ 

iilf»#rfB (fti) (-£5ES{bM3l£ffiu atj 

itnuD t*fi-ciia = iiu, mimLxam 

£0.1, £tt£0. 9 tLTtttWc. 
[0 0 4 0] ftffiLfdittSBffiy 7-7^*«-itt^# 

5o#-i| (^inoow) ©r-*&fl3v\ y-7'-7y 

• 77 h (leave one out) ft, f*fr*> 9 9 0«©x- 

* L fc= a - 7 y M7 - 9 loT» 5 
<Dim^^XWft\&?ib 1 $$:±l 0 0^J©7-^(co 

i^*^il^7t i i 5, ISIgs* 9 6.0 %, WAIE 96.0 
%s «S9 6. 0%4&-!JJffl*;JSfi|JtLfc. 

[oo4i] nmpm 1 1 p«t Lxsttfflffi 

H^f wisSiJ t#«f - ^ to «t 5 1 Ultt L t v ^ 
H9li, H5iiWl^(cUTlittlfiy 
7-7f-ft#Oi^giJKfc 5#*S«©JtiRSSr ^7 7fb L 
XmLfzi>(DXhZ> a JC«5ft©**V^#Hif=a-7 
^ 5, h r? _ ^ t j- 5 ifftfjfi y 7 -7 ^ gtw^gij 

[0 0 4 2] H9 0tt*S:#lU-C, =a-7^yf 
7-^(Cj;-5ifttFJ® y 9v^*#(0«iiJKJHttS WIS 

tlWl 4 ©tt£4r*»i Lfc 415. ^ 9 8.0% 

tft±L, BW^9 7. 0%iCft±tfc o 
[0 04 3] J: 5«t9Jtt*, 

<dt- 9 <d xm t + ras 4 wg^- frsiff tfc= * - 7 

[0 0 4 4] 
[*2J 



#i«¥9-2 5 7 7 9 O' 
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mm 




66.1 


96.8 


91.4 




96.0 


96.0 


96.0 




96.0 


98.0 


97.0 



(6) 

I 

«botv^?*0>«sbi* m.\mt%) 



[0 0 4 5] mmom 
m 

«k mi ODS*?A*:fflV^HPLC-e^ffLfc 
I gG^ttgftcot-^Sm ©T~-?£A 

V ^ V * 5 7 h If HtRJftfc** 2 4 01J t 6 3 WO 

[0 04 6] £1\ ffctfc©fc*fc, ft*0«SH£«J Man 
n-Whitney ©# Srg^ScKl =t 5 7 h tf-teSUf &©K 

Wte r©£§\ #y h*7flL*¥$fc± (2X|I 
S4I16) tK£ LfcH£©7 h t i fctt 

#£0>BR¥tt6 9. 0% v #MJt«:9 2. 1%, Mi 
[0 0 4 7] M7 — ^Sr^VSffc 

Alosa-pyfttt, ffiBU, Rtfl gGtMKl 



I gG|iC&T-^ttiS©ill ifflfllfcLTjES 

!7-*©*Btt, ^©5t^#»Oo^TV>57 Mf- 
tMJf^A#2 40|£, ttt#6 3^JOt^bHl^t 

[oo48] :©7 h t?~mmmk®%m 2 4 

0!l (£1+4 8011) JBv\ y-^ • • 7* 

bfec j: 9 7 h- t°~mm^(Dmmmm^tc t z. 

6, lit 8 9. 4%, #SJ$8 3. 3%, Ktt$8 6. 3 

[0 0 4 9] ^JteO^H-^^fet <t 5!ISiJS*£ . = ■ 

[0 0 5 0] 
[S3] 

*30 





A & 




EHtt* . 




8.3 


92.1 






89.4 


83.3 


86.3 



[0051] mmmm 4 ] mmmmm 

^ ttffl, ODS#?A*fflV\fcHPLC-C£*rUfc 
I gG*tttS0t^-*iS«tfc (W£*) ©r-*£A 

m«m#3 4Wi*nt*i 1 o0)j©t)O&fflwc o 

[0 0 5 2] £1\ «©fcfH^I Man 

n-Whitney Off* SUSSt: £ <9 «#l©!«j&tT 5 r 

f ©«££»* o. i %»T-elrSc!l^»if> feftfc. 
IKS Lfc»fc©*IR*JA# t *## i 7 3 . 

6 % #SSf± 9 5.5 %, «&fi 2 . 9 %?ifcofc. 
[0 0 5 3] m^-, -*.-JM-y YV-t&M^ZM 50 



9]*fefcoV^RWt5. = a-5/M<!y h!7-^©A 
^lo-i-Dylfi, ttR Xtfi gGili 

fit «^»©^t£#^r©o^^T^^aSR«-t^#3 4 0!i, 

4x5 ft t «t o fc c 

[0 0 5 4] r©*R*A#i<tt#43 4«| (£If6 

8M) <DT-$*m\ r<y vmti'o 

mm&%<D®m*&wi'<it t z. 1 o o %, # 



(7) #i¥9-2 5 7 7 9 0 

11 12 
^glOO%, IBM* 1 0 0%^|f.tifc o r©J;5(- *a-5/u*s' h!7-*l::±$»»Jfe**&4lc*£*-C 

W^ffitifc^Tiig, »MM5#|6]± Lfc„ [0 0 5 6] 

[0055] fe%<nmwtf}^m^t%m%m%:b, =* [*4] 









!!$^ 




2.9 


95.5 


73.6 




100 


100 


100 



[0 0 5 7] [H»©i#f| 5 ] Jff£j&©g»r$g 

mk ODS*5ASrffl^fcHPLC-e^«ftfc 

1 gGftt«<H©^-^Batfc (!"£*) ©f-^A 

MWS©T-*£ Lttt, StSfUfOO^TV^flf 

*AA#6 0#j (If US 2 0 09, 0#1 JjfMSg 

2 0W) £<£fif#l l oeSwfcrofcJBt^fc. 

[0 0 5 8] ST, JtRrofcftK, $*©Kff^WMan 

n-Whitney O^TtSftgftJ:: J: 9 IFSftolMlfcfT 5 £ 
ttftWUi^i, 12 1 2 ic/^t J; o 20 
— N— T"fc tvI^Vu 3 1 5 off ii t f$\ ^ftgt 

©it (M + N + O + P) / (E + F + G+H) Kfelfe* 

o . i %skTx*tnm>mib hti±, zot*. *^ 

S«*#t«ir#t©|MR*f47 5. 9%, #HJt(±9 
3.6%, J6ftf£4 3. 3%T-fcofc 0 
[0 0 5 9] Jfcfc, =a-?^s» M7-^S:fflV^5H 

m<D~=>-~nym-is m, ttR XVI gGlll 



fioVT?fc£L4f@£ Lfc„ ttSU, I gGtl© 

[ooeo] d <»mm&% t mm e o m caw- 1 

•JlfRSSAtcSRi^SrP^fctr^, iigs 7. 8 
%, #11^8 3.9%, f&!»8 5. 9%##P>*Wt„ r 

OiKf^W^iSKJfc^TfiS. Btt$#|6)±Lfc. 
[0 0 6 1 ] $*©lftfW£C £5«&£<b, = 

[0 0 6 2] 
[*5] 





JS S 


WHS 


mm 




43.3 


93.6 


75.9 




87.8 


83.9 


85.9 



[0063] immm e 3 tti£i»tt u e> ^oiiur 

7 y h 7 - * K J: 9 He£0»J3iJ SrfTo fc 0 W< 

[0 0 6 4] IKSUWRfflWr-* i LT\ flt]^»rWft 
V^-CV^ttttSfiy 9^ft#4 8#Jtftt*2 8 261 

9 , 3-©#£\ V s 1 CD§.#^' 1 5 #k 2 

<7?S,#/S S 1 101 ^T-v 5 3 6 R 7,r-> ; 4 

^-T€-7,X-v ; 2 Omt Lit. fiffiS0>£JKIi Steinbr 



ooker ©*T-^#£t--J:3 (##ffi#tttf-& 512-52 
1(1993) B*»tt) o flt&#!2, 2 8 2W^2 Offl 

[0 0 6 5] =i-5My K7-^»A^S©=^- 

t. ttffl, I gGlS, WBCSt I gG«I© 

li, mtnmMM<r>^^x^^7,T~"yi^7,7-~'y 

4 ©«ttfi8» 'J ^ v ? 2 0 ^ t % ftt* 2 8 2 f?J 
(7?^?)^*S^(Cii/vfc2 0i©7-?^iSl\ #S 



[0 0 6 6] 

vf-©gj6Ig 



:<©Stti 

1*58 4. 
10 0.0 



(8) #1^9 - 2 5 7 7 9 0 

13 14 

* !?, ¥#J9 2. 4%Tfoofc 0 Sfc, #MH9 6.0%, 

[0 0 6 7] 
1*6] 



«U ?v^,fi#£«t#©7- 
as, *6^*-ri5t, i§ 

5%, ^7-^2^9 7. 5%, 



* « (%) 


(%) 


(%) 


* m 




If-'/ 1 


Xf-J"3 




92.4 


84.5 


97.5 


100.0 


87.5 


96.0 





[0 0 6 8] im&m& 7 ] «f£ft<D&Br$8 (SS 
its'!) 

at, m i gGM»T-^ffl^fc 0 

[0 0 6 9] »BIISt«l07*-^ £ UC *)£i«r©o 
V^5*gi«A*3 4fl (5t>Iil5R US 2 9 
#J) tftHttl lOWSrffl^fc. gii#§©#§®©«i 

1 9 8 o^owHOo^ifcis. (rtf4s m 1524-1527 
(1995) Sff^) „ -f y yw^M^te^Tfe^tco 
n 1 mmm, a y ^©^^wiftT&s h ©f± 
iimm\^mzh?> a 1 mmsitt-f y 

5!«f«Sl, IlS«H»«:>f^y^*<jk#aiafSl*i:t) 
1^5. «*tt, II 
S&3 O^iji: Lfi 0 tt#*fi, 1 1 O0H*»&4 

[0 0 7 0] =a-7/U^y H7-^©AAi©=a-: 



%v>mt, ¥t&. ffiai 1 gGtii i«soi 3j@i 

20 

[0 0 7 1] r©£m#!A#i«t#<0r-*«:fflt\ 

y -7" • y y • 7 £ h fete i 19 $f jr<#t©#ts&isij 
t z. 5, S 7 t^f i 9 «Sl±*SS#f 1 S# 1 0 

0. 0%, <t^*SHM*S 9 3. 2%T\ ¥*&9 6. 7%# 
ifc, 0 0. 0%, K.!l»9 8.0% 

5:it, *R*©*»®«r«3iJt5ii:astf#fc. 

[0 0 7 2] 

■< mil 



if & (%) 


(*> 


<*) 




IS 




96.7 


100.0 


93.2 


100.0 


98.0 



[0 0 7 3] [*Ms©ff2fi 8 ) ftftg A*> J§© 

flRSU 

^&fe©j§#©7Wittt#©r-*£fflv\ = a 

[00 74] BaiWRlro^-^ t lt, ^avensijr 

f:$T©O^Tl^ I g AWfeft# 1 9 lift 3 0 
#k ilttlffiy £v^J&*4 8 0iJ£®f#'2 8 2#!k 7 

h if Ht*Ji#*# 2 4 #J fc «*# # 6 3 

3 4$Ji6t$^l 1 0W, Jff£ftft#6 0Wk&ft%l 

1 otfH, ^3 0 

«t##& 6 19 ffi U £#T\ I g Aff SLS 

#3 Ofck IfttPlpy fr-^A* 3 Offl, 7 h t°-tM 

**a#3 o$k t^«s#3 imti.#3 o 



«tl#3 0M©, f+1 8 0M£ Ur»JfAt^lTo 

**in*.T3O0!|£.Lfc. 
40 [0 0 7 5] ^3.-7^-7 M7-^©A7Jl©-3.- 
n^fttt, ttBU, I gGfll l«»©1.3fli 

y £-e^jfct\ 7 h t°-ttSJt^S#, *KJSA#, ffF 

f4, ftW!lt*<J^T*36Ll 2fi£tfc 0 #7-^H 
%%<DW& 1 £ RHifc LTE^ft^ffi^fi LtA7J/^ 

50 [0 0 7 6] fHB£ft&&ii# £ tt«#©x-^ Srffl 



15 

S8(c^1-J;5t, Jg&ttI gAWJET'9 0. 7 
% )) tp-vf-H 8 1. 7%, 7 ht°-f4&Ji^T*8 4. 3 

%, mmmr8 7. o% imt-es 8. o%, we 8 



6. 3%#&e>ttfc. 



sfc. #^gi±6 1. 3%, &mm* 



) ftM¥9-25 7790 

16 

* (±8 2. 2%T-&ofc 0 :oi9(:=^-7/4-7 h7 

[0 0 7 7] 
[*8] 



« * (%) 


(%) 


E8M* 
(%) 












mm. 


86.3 


90.7 


81.7 


84.3 


87.0 


88.0 


61.3 


82.2 



[0 0 7 8] 



[HI] 


g aim#© i g G*mm&fflMk** 


1~0„ 
[02] 




F©#*[ 




[03] 




©*&0 O 




[04] 








[H51 






[12] 



1.00- 



m e ] y ^fitc i g g <t>ttS*#*Ti£*£*i- 

Ho 

[07] P^T^At^ftfttic^tSSMKf-^JtP 
[08] littMffly ?^a#fl^ffl^-7/i^y h 

[H9] mrmv v^^mmmz-mzmm® 

[010] 7 Mf-ttS#^iitiit##t^t5«f« 
tWJtG/F©#*EL 

[011] ^M?fi,ft#ittt#lc»1-5«t-^F© 
±#:Cfifc5»l^©^0 o 
[01 2] ffF£l*t£*tf#K^5it*(tWJt 
(M+N + O+P) / (E + F + G + H) ©##H. 



[0 3] 




(11) 



#M¥9 - 2 5 7 7 9 0 



\tm 4>iajs itiAfl 




A BCUNE FGHM N+O P 



(12) 



5 7 7 9 0 




(72)5PM iSfif 11-7- (72)^BJ# JHIt 

g^ft^^SffiSSEte^BTi -105 gfc»fri£Tfr£fr#«ir#i6i32 

(72)«W# ttiJ <72)3&9!# 

g*nRi|£fflilT?Pf*IIT3-3-23 tto»¥fflrfi"'i4'Wl -18 

(72)JBW# SB $ 

S»Jft**MtUf KfeiB 3 - 3-18 



